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Specification 



( _ J^JECT RONIC CAMERA. IMAGE PROCESSING PROGRAM AND RECORDING 



The present invention relates to an electronic camera in which gradation conversion is 
performed on a photographed image signal. 

The present invention relates to an image processing program for allowing gradation 
conversion of image signals on the computer, and a recording medium for such. 

The present invention relates to an image processing method for performing gradation 
conversion on an image signal. 



A signal conversion technology is known which accomplishes nonlinear gradation 
conversion of image signals based on the dependency between the input gradation value and 
the average noise amplitude and evenly eliminates the noise across all gradation regions. 

For instance, a signal converter that accomplishes gradation conversion according to 
the following equation is disclosed in Japanese Laid-Open Patent Publication No. 63-290028. 



where X is an input gradation value, Y is an output gradation value, H, is the variable of 
integration, n(£) is an average noise amplitude in the input gradation value and b and c are 
independently determined constants.) 



MEDIUM THEREFOR, AND IMAGE PROCESSING METHOD 



Field of the Invention 



Description of Background Art 



...[1] 
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By undertaking both the gradation conversion of this Equation [1] and quantification, 
it is possible to evenly eliminate the noise regardless of the size of the output gradation value 
Y, and to effectively reduce the volume of information in the image signal. 

Furthermore, by restoring the gradation of the output gradation value Y after 
quantification using the reverse conversion of Equation [1], it is possible to obtain a restored 
image signal with reduced noise. 

However, the inventor of the invention of the present application conceived the idea 
of a gradation conversion for equalizing the shot noise that depends on the input gradation 
value X. (This equalization of the shot noise is not described in Japanese Laid-Open Patent 
Application No. 63-290028 and had not been known at the time of filing this application.) 

However, when the gradation conversion for the equalization of the shot noise was 
tested, noncontinuous gradation level differences (known as "jumps") occurred in the image 
signal after gradation restoration, creating the problem that the rich sense of gradation was 
easily lost. 

In particular, because the dark gradation region is amplified considerably during the 
course of shot noise equalization, the output gradation value Y becomes a discrete value. 
Moreover, because minute fixed pattern noise and/or dark current in this dark gradation 
region are amplified considerably during the course of the shot noise equalization, they 
become more noticeable. 

Disclosure of the Invention 

An object of the present invention is to obtain both effective reduction of unnecessary 
information and good image quality in gradation conversion of image signals. 

Hence, the electronic camera of the present invention is an electronic camera that 
performs the gradation conversion on photographed image signals, and is comprised of a dark 
area gradation conversion unit that performs gradation conversion on an image signal in 
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accordance with linear conversion characteristics when the input gradation value of the image 
signal is darker than a predetermined value; and a bright area gradation conversion unit that 
performs gradation conversion on an image signal in accordance with a nonlinear 
characteristic when the input gradation value of said image signal is brighter than a preset 
value; wherein the nonlinear characteristic satisfies both of the following conditions: 

(1) the nonlinear characteristics have a slope that substantially equalizes the average noise 
amplitude of the image signal without being based on the output gradation value; and 

(2) the nonlinear characteristics are offset so as to be continuous with the gradation 
conversion characteristic of the dark area gradation conversion unit. 

In this dark area gradation conversion unit, the gradation conversion is performed 
using a linear conversion characteristic with respect to an area in which the input gradation 
value of the image signal is darker than a predetermined value (hereafter, referred to as a 
"dark region"). This dark region originally has a small signal level, and hence there is little 
level-dependent noise, such as shot noise. Consequently, in the dark region, there is little 
disadvantage even if the level-dependent noise is not equalized. In contrast, by performing 
linear conversion on this dark region, non-linear jumping or collapsing does not occur in the 
output gradation value, and therefore, it is possible to maintain the gradation feel of shadows, 
hair and the like. In addition, the solid pattern noise of the dark region is less likely to 
become noticeable. 

On the other hand, in the bright area gradation conversion unit, a nonlinear gradation 
conversion meeting the above-described conditions (1) and (2) is performed with respect to 
an area in which the input signal the input gradation value is brighter than a predetermined 
value (hereafter, referred to as a "bright region"). At this time, by meeting condition (1), the 
average noise amplitude of the bright region is equalized without being based on the output 
gradation value. As a result, when the output gradation value is quantified, it is possible to 
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substantially uniformly eliminate the noise in the bright region. In addition, it is possible to 
efficiently reduce the amount of information in the output gradation value by the amount of 
the noise (useless information) eliminated by the quantification. 

Furthermore, through condition (2), the output gradation value is offset so that 
continuity with the output gradation value of the dark region is maintained. Accordingly, at 
the image boundary between the bright region and the dark region, it is possible to naturally 
link gradations without jumping or reversals in the gradation. In addition, when performing 
gradation restoration, it is possible to simply perform the gradation restoration since gradation 
reversal does not occur at this image boundary. 

Thus, with the electronic camera of the present invention, it is possible to well obtain 
both efficient reduction of useless information and good image quality through the above- 
described gradation conversion operation. 

More preferably, the dark area gradation conversion unit outputs the input gradation 
value X as the output gradation value Y without any changes. In this case, the input gradation 
value X is output without any changes as the output gradation value Y in the dark region of 
the image. Consequently, the gradation feel in the dark region (e.g., the object's shadow or 
hair) is substantially perfectly preserved. Accordingly, it is possible to obtain reproduced 
images (or image prints or the like) with rich gradation in the dark region accurately and 
easily. 

More preferably, the bright area gradation conversion unit outputs an output gradation 
value Y in accordance with the following equation: 
Y = A-VX+C .-[2] 

(where X is the input gradation value, A is a proportionality coefficient and C is the offset 
value adjusted for making continuous with the characteristic of the dark area gradation 
conversion unit.) 
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Normally, the average noise amplitude Nx of the shot noise in the input gradation 
value X is expressed as 

Nx =B-JX ...[3] 
where B is a proportionality coefficient. 

In this case, the average noise amplitude Ny included in the output gradation value Y 
after gradation conversion using Equation [2] is given by: 
Ny * Nx- (dY/dX) = A-B/2= constant ... [5] 

and is effectively equalized without being based on the output gradation value Y. 

Accordingly, by executing the gradation conversion of Equation [2], it is possible to 
efficiently perform gradation compression of the shot noise in the bright region, and to reduce 
efficiently the amount of useless information. 

Furthermore, in Equation [2], continuity with the output gradation value of the dark 
region can be maintained by adjusting the offset value C. Accordingly, at the image boundary 
between the bright region and the dark region, it is possible to naturally link gradations 
without jumping or unnecessary reversals occurring in the gradation. 

More preferably, when the input gradation value of the image signal is brighter than a 
second preset value, the bright area gradation conversion unit performs gradation conversion 
of the image signal in accordance with a linear conversion characteristic that continues with 
the nonlinear gradation conversion characteristic. In this case, the bright area gradation 
conversion unit performs gradation conversion of the image signal using the linear conversion 
characteristic continuous with the nonlinear gradation conversion characteristic in a region in 
which the input gradation value of the input signal is brighter than a second preset value 
(hereafter referred to as the "brightest region"). 

Accordingly, in the brightest region, nonlinear collapse does not occur in the image 
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signal, making it possible to increase the gradation reproducibility in the brightest region 
(e.g., the indentation pattern of a white cup). In addition, because the gradation conversion 
characteristic is continuous between the bright region and the brightest region, at the image 
boundary between the bright region and the brightest region, it is possible to naturally link 
gradations without jumping or reversals occurring in the gradation. 

More preferably, for the bright area gradation conversion unit and the dark area 
gradation conversion unit, at least two combinations of gradation conversion characteristics 
are provided in advance, and either one of these can be selected. In this case, by combining 
the respective gradation conversion characteristics of the bright region and the dark region, it 
is possible to create various combinations of gradation characteristics more freely and easily 
than has conventionally been possible. The user (or the electronic camera) can then the 
appropriately select and execute a more suitable gradation conversion from among these 
combinations. 

More preferably, a data compression unit is provided that can select and execute a 
"first compression mode that compresses the data of the image signal after performing 
gradation conversion on the image signal through the dark area gradation conversion unit or 
the bright area gradation conversion unit", and a "second compression mode that compresses 
the data of the image signal without passing through the dark area gradation conversion unit 
or the bright area gradation conversion unit." 

In this case, by selecting and executing the first compression mode, it becomes 
possible to create compressed image data effectively realizing both efficient reduction and 
good image quality of the useless information. 

On the other hand, by selecting and executing the second compression mode, efficient 
reduction of useless information using the gradation compression is not performed through, 
but it becomes possible to create compressed image data of high quality with high gradation 
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reproducibility. 

More preferably, a data compression unit is provided that can select and perform a 
"first compression mode that compresses the data of the image signal after performing 
gradation conversion on the image signal through the dark area gradation conversion unit or 
the bright area gradation conversion unit," and a "non-compression mode that compress the 
data of the image signal without passing through the dark area gradation conversion unit or 
the bright area gradation conversion unit. 

In this case, by selecting and executing the first compression mode, it becomes 
possible to create compressed image data effectively realizing both efficient reduction of 
useless information and good image quality. 

On the other hand, by selecting and executing the non-compression mode, efficient 
reduction of the useless information using the gradation compression is not performed, but it 
becomes possible to create image data of high quality with high gradation reproducibility. 

More preferably, an image processing program is created in order to cause a computer 
to function as the above-described dark area gradation conversion unit and bright area 
gradation unit. In addition, a recording medium is created that records this image processing 
program. In this case, by executing the image processing program on the computer, it is 
possible to perform on the computer the gradation conversion process similar to the above- 
described electronic camera. 

More preferably, by making the same processes similar to the above-described dark 
area gradation conversion unit and bright area gradation conversion unit as steps, the process 
may be executed as an image processing method. 

The above-described object, as well as other object, of the present invention may be 
easily verified through the below explanation and attached drawings. 
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Brief Description of Drawings 
Fig. 1 is a block diagram showing the composition of an electronic camera 1 1 . 
Fig. 2 is a flowchart explaining the image shooting action of the electronic camera 11. 
Fig. 3 is a flowchart explaining the playback action of the electronic camera 1 1 . 
Fig. 4 is a diagram showing the gradation conversion characteristic (3 in a first 
embodiment. 

Fig. 5 is a diagram showing the gradation conversion characteristic with input 
gradation values [0-6]. 

Fig. 6 is a diagram showing a histogram after gradation conversion with input 
gradation values [7-107] 

Fig. 7 is a diagram showing the equalization effect for noise amplitude with input 
gradation values [108-4095]. 

Fig. 8 is a diagram showing the gradation conversion characteristic of a second 
embodiment. 

Fig. 9 is a diagram showing the gradation conversion characteristic for performing 
linear conversion in the brightest region. 

Best Mode for Executing the Invention 

Hereafter, the preferred embodiments of the present invention will be described with 
reference to the drawings. 
«First Embodiment» 

Fig. 1 is a block diagram showing the composition of an electronic camera 11. 

Fig. 2 is a flowchart explaining the image shooting action of the electronic camera 11. 

Fig. 3 is a flowchart explaining the playback action of the electronic camera 1 1 . 

First, the image shooting action of an electronic camera 1 1 will be described with 
reference to Fig. 1 and Fig. 2. An image shooting lens 12 is mounted in the electronic camera 
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1 1 . An image of the object is formed on the imaging surface of the imaging element 13 by 
this photographic lens 12. This imaging element 13 generates an image signal by 
photoelectrically converting the object image in accordance with the release operation or the 
like (SI in Fig. 2). 

After executing a black level clamp process or the like via a signal processing unit 14, 
the image signal is digitally converted to 12-bit raw data for each color by an AID converter 
15. 

Based on operational information of an operation unit 23, a CPU 19 selects an LUT 
(look up table) for gradation conversion from a ROM 19a and conveys the selected LUT to a 
gradation conversion unit 16. The gradation conversion unit 16 performs gradation 
conversion of the raw data in accordance with the conveyed LUT (S2 in Fig. 2.) 

The raw data that has been performed with gradation conversion by the gradation 
conversion unit 16 is successively output to a bus 17. An image compression unit 20 
executes reversible compression (e.g., DPCM compression) on this raw data while using a 
buffer memory 18 as a temporary storage (S3 in Fig. 2). 

The CPU 19 creates a compressed image file by attaching LUT identifying 
information and the like to the raw data that has been reversibly compressed, and stores this 
in a memory card 21 (S4 in Fig. 2). 

Through the above-described series of actions, the image shooting action of the 
electronic camera 1 1 is completed. 

Next, the playback action of the electronic camera 1 1 will be summarized with 
reference to Fig. 1 and Fig. 3. This playback action is not limited to the electronic camera 11, 
but of course, it can be executed using a computer or the like as well. 

First, the CPU 19 reads the compressed image file from the memory card 21 (SI 1 m 
Fig. 3). The CPU 19 decompresses this compressed image file and restores it to the raw data 
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prior to reversible compression (SI 2 in Fig. 3). 

Furthermore, the CPU 19 selects the LUT for gradation reverse conversion from the 
ROM 19a based on the LUT identification information in the compressed image file, and 
conveys the selected LUT to the gradation conversion unit 16. The gradation conversion unit 
16 performs the gradation reverse conversion on the raw data in accordance with the 
conveyed LUT (S 1 3 in Fig. 3). 

The CPU 19 and the raw data in which the gradation has been thus restored are output 
to a monitor display unit 22 and another signal processing system (SI 4 in Fig. 3). 

Through the above-described series of actions, the playback action of the electronic 
camera 1 1 is completed. 

(Relationship Between Descriptions in Claims and Present Embodiment) 

With regard to the relationship between descriptions the claims and the present 
embodiment, the dark area gradation conversion unit corresponds to the "function that 
performs gradation conversion on the dark region" of the CPU 19 and the gradation 
conversion unit 16, and the bright area gradation conversion unit corresponds to the "function 
that performs gradation conversion on the bright region" of the CPU 19 and the gradation 
conversion unit 16. 

(Steps for Creating Gradation Conversion Characteristic) 

Hereafter, steps for creating the LUT (the gradation conversion characteristic (3 in Fig. 
4) which is a feature of the present embodiment will be explained. Here, for purposes of 
explanation, the creator of the LUT is assumed to be a developer of the electronic camera 1 1 . 

First, at the time of input into the gradation conversion unit 16, the dependency 
relationship between the "input gradation value of the image signal" and the "level-dependent 
average noise amplitude" is determined through actual measurements and theoretical 
calculations. 



For example, in the case of shot noise, taking the number of electrons generated by 
photoelectric conversion to be Se, in the instantaneous amplitude of the noise (the number of 
electrons) indicates the Gaussian distribution of the variance VSe. 

Accordingly, if the conversion process from "the number of generated electrons Se in 
the imaging element 13" to the "input gradation value X of the gradation conversion unit 16" 
is substantially linear, the average noise amplitude Nx of the shot noise at the output 
gradation value X can be expressed, using a suitable proportionality coefficient B, as: 
Nx=B-4x ...[6] 

(However, if a gamma conversion or other nonlinear curve exists in the conversion process 
from the number of generated electrons Se to the input gradation value X, an equation for 
average noise amplitude Nx being calculated to include the effects of that nonlinear curve is 
used below.) 

Here, the average noise amplitude Ny after gradation conversion becomes: 
Ny *Nx -{dY/dX)=B-4x~ '-{dYjdX) ...[7] 

When a gradation conversion equation that equalizes the average noise amplitude Ny 
after gradation conversion is deterrnined with Ny as a constant in this Equation [7], the 
following equation is obtained: 
Y=A-Jx+C -[8] 
Here, A is a proportionality coefficient and C is the offset value. 

Assuming the gradation conversion using this Equation [8] is executed over all 
regions of the input gradation value X, the following equation that obtained is from the initial 
condition that X = Y = 0: 
Y = A-VX -[9] 

The entire region noise equalization characteristic a shown in Fig. 4 is a characteristic created 



by making the calculated result of Equation [9] an integer. 

The developer tests the gradation conversion of a test image or the like using this 
entire region noise equalization characteristic a, and performs the below-described 
evaluations for the image after gradation restoration (or after gradation conversion): 

(1) Jumping (or collapse) of gradations generated in the dark region of the image; and 

(2) Efficacy of reducing useless information through equalization of the shot noise in the dark 
region of the image. 

Based on these evaluation results, the developer classifies the gradation regions of the 
image signal into a bright region suitable for gradation conversion using Equation [9] and a 
dark region not suitable for conversion using Equation [9]. For example, from the above 
evaluation results, the dark region may be considered as the region having the input gradation 
values [0-107], and the bright region may be considered as the region having the input 
gradation values [108-4095]. 

For this dark region, the developer determines a linear gradation conversion equation 
as described below. 

Y = X (where 0<X<107) ...[10] 

The developer determines the offset value C of Equation [8] and obtains the gradation 
conversion equation described below for the bright region, so as to be continuous with the 
gradation conversion characteristic of Equation [10]. 



The developer creates a LUT by making the calculated results from Equation [10] and 
equation [11] into integers, and stores the created LUT in the ROM 19a. The gradation 
conversion characteristic P shown in Fig 4 is a graph of a LUT thus created. 




(where A = 4.941, and 108 < X < 4095) 



• ••[11] 
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(Efficacy of the first embodiment) 

Hereafter the gradation conversion characteristic $ and the entire region noise 
equalization conversion a will be compared and described with reference to Figs. 5-7. 
® Efficacy of Improvement by Gradation Conversion Characteristic p shown in Fig. 5 

Fig. 5 is a diagram showing the gradation conversion characteristic in the input 
gradation values [0-6]. 

With the entire region noise equalization conversion a, the output gradation values in 
the input gradation values [0-6] take on discrete values, as shown in Fig. 5. For example, 
when the input gradation value changes from 0 to 1, the output gradation value quickly jumps 
from 0 to 5. In a range of the output gradation values Y, ineffectiveness occurs due to such 
discrete output gradation values. Consequently, the entire region noise equalization 
conversion a is not preferable from the standpoint of effective use of the range of the output 
gradation value Y. Furthermore, when the input gradation value fluctuates between 0 and 1 
due to fixed pattern noise or dark current, with the entire region noise equalization conversion 
a, the noise fluctuation amplitude is amplified to 5. This amplified noise easily spreads to the 
surrounding regions by subsequent interpolation processes and low-pass processes, which can 
have a severe influence. Accordingly, the entire noise equalization conversion a is not 
preferable from the standpoint of noise reduction in the dark region either. 

On the other hand, with the gradation conversion characteristic (J of the present 
embodiment, the output gradation value does not take on discrete values, as shown in Fig. 5. 
Accordingly, with the gradation conversion characteristic p, useless output gradation values 
do not exist, making it possible to effectively utilize the range of the output gradation value 
Y. Furthermore, when the input gradation value fluctuates between 0 and 1 due to fixed 
pattern noise or dark current, with the gradation conversion characteristic (5 the noise 
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fluctuation amplitude is not amplified. Accordingly, the noise in the dark region does not 
stand out unnecessarily, and the amplified noise does not spread to surrounding regions, 
enabling extremely good image quality to be obtained. 

® Efficacy of Improvement by Gradation Conversion Characteristic (3 shown in Fig. 6 
Fig. 6 is a diagram showing a histogram after gradation conversion in the input 
gradation values [7-107]. 

With the entire region noise equalization conversion a, the input gradation values [7- 
107] are gradation-compressed to output gradation values [13-51], as shown in Fig. 6. The 
gradation collapse in this gradation region largely loses the details of shadows and hair, 
consequently losing much image quality. In addition, when gradation restoration is 
conducted during playback, the restored gradation values become 39 discrete values in the 
gradation region of values [7-107]. Consequently, the histogram after gradation restoration 
takes on a sawtooth appearance, and the smooth gradation appearance of the shadowy areas is 
largely lost. 

On the other hand, the gradation conversion characteristic p of the present 
embodiment performs the gradation conversion of the input gradation values [7-107] to the 
output gradation values [7-107] without any change, as shown in Fig. 6. Consequently, 
details such as shadows and hair are preserved completely, enabling the smoothness and 
richness of the gradation to be accurately maintained. 

® Efficacy of Improvement by Gradation Conversion Characteristic p shown in Fig. 7 
Fig. 7 is a diagram showing the efficacy in equalization of noise amplitude in the 

input gradation values [108-4095]. 

In the gradation conversion characteristic p of the present embodiment, with the input 

gradation values [108-4095] in the bright region, the average noise amplitude of the shot 
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noise is also equalized after gradation conversion. In this gradation region [108-4095], the 
shot noise is large because of the large signal level of the image signal, and consequently the 
percentage of shot noise in the entire noise is relatively high. Accordingly, by equalizing the 
average amplitude of the shot noise in this input range [108-4095], the noise in the image 
signal is equally reduced, making it possible to realize noise reduction and an improved 
compression rate. 

<D Efficacy of Improvement by Continuity of Gradation Conversion Characteristic p 

In the aforementioned Equation [1 1], the gradation conversion characteristics in both 
regions are made continuous by adjusting the offset value C. Accordingly, the gradation does 
not become discontinuous or reverse at the image boundary of the two regions, making it 
possible to preserve a natural gradation change. In addition, when gradation restoration is 
performed, gradation reversal does not occur at the image boundary between the two regions, 
and consequently it is possible to accomplish gradation restoration with earnestness. 

Next, another embodiment will be described. 
«Second embodiment» 

The structure of the electronic camera of the second embodiment is the same as that of 
the first embodiment (Fig. 1), and hence description of such is omitted. 

The feature points in the action of the second embodiment are as follows: 

(1) A plurality of LUTs (gradation conversion characteristics) are stored in advance in the 
ROM 19a; 

(2) The image compression unit 20 can select whether or not to perform reversible 
compression; and 

(3) The CPU 19, in accordance with the user setting of the compression mode input from the 
control unit 23, decides "selection of whether or not to perform a gradation conversion 
characteristic", "selection of a LUT when gradation conversion is to be performed", and 
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"selection of whether or not to perform reversible compression," and controls storing process 
of the raw data. 

Below, the feature points for each compression mode provided in the electronic 
camera 1 1 are described. 

® Non-compression mode (corresponding to the non-compression mode described in the 
claims) 

Gradation conversion. . .No 
Reversible compression. . .No 

The non-compression mode is a mode that records without change the raw data output 
from the A/D converter 15. Accordingly, the raw data can be restored perfectly. When the 
number of pixels in the image signal is 2000 x 1312 and there are 12 bits of data per pixel, the 
storage capacity needed for the image signal is about 4 megabytes. 

® Completely lossless mode (corresponding to the second compression mode described in 
the claims) 

Gradation conversion... No 
Reversible compression... Yes 

The complete Lossless mode is a mode that reversibly compresses and stores digital 
image data output from the A/D converter 15. Accordingly, it is possible to perfectly restore 
the raw data through reversible decompression. The storage capacity needed for a general 
image signal is about 2.8 megabytes (70% compression ratio). 

<§> Substantially lossless mode (corresponding to the first compression mode described in the 
claims) 

Gradation conversion... LUT1 in Fig. 8 
Reversible compression... Yes 



16 



The substantially lossless mode is a mode that performs gradation conversion using 
linear conversion in the dark region [0-107], and equalizes the average noise amplitude of the 
shot noise and approximately levels a quantified step amplitude in the bright region [108- 
4095]. In this case, the shot noise in the bright region is mostly eliminated, and the storage 
capacity needed for the image signal is reduced by that much. The storage capacity needed 
for a general image signal is about 2 megabytes (50% compression ratio). 
® Quality prioritizing mode (corresponding to the first compression mode described in the 
claims) 

Gradation conversion. . .LUT2 in Fig. 8 
Reversible compression. . .Yes 

The quality prioritizing mode is a mode that performs gradation conversion using 
linear conversion in the dark region [0-107] and reduces the quantification steps in the bright 
region [108-4095] compared with the substantially lossless mode. Specifically, the 
proportionality coefficient A in Equation [1 1] is increased- In this case, it is possible to avoid 
gradation collapse in the bright region, while the shot noise in the bright region is eliminated 
by a small amount by gradation conversion. As a result, it is also possible to reduce the 
sawtooth characteristic created in the histogram. With this quality prioritizing mode, the 
storage capacity needed for a general image signal becomes about 2.4 megabytes (60% 
compression ratio). 

® Compression ratio prioritizing mode (corresponding to the first compression mode 
described in the claims) 

Gradation conversion LUT3 in Fig. 8 

Reversible compression Yes 

The quality prioritizing mode is a mode that performs gradation conversion using 
linear conversion in the dark region [0-27] and increases the quantification steps in the bright 
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region [28-4095] compared with the substantially lossless mode. In this case, the range of the 
bright region expands (from branch point SI to S2), while the gradation compression in the 
bright region becomes stronger. Specifically, the proportionality coefficient A in Equation 
[1 1] is reduced, and the offset value C is altered. In this case, it is possible to improve further 
the compression ratio of the raw data. With this compression ratio prioritizing mode, the 
storage capacity needed for a general image signal becomes about 1 .6 megabytes (40% 
compression ratio). 

«Supplemental items for the embodiments» 

In the above-described embodiments, the preferred embodiments of the electronic 
camera 1 1 have been described. However, the present invention is not limited by these 
embodiments. As described in the claims, an image processing program for executing the 
gradation conversion of the present invention on a computer may be created. In addition, this 
image processing program may be stored on a recording medium. Using this image 
processing program, it is possible to execute the gradation conversion of the present invention 
on a computer. 

In addition, in the above-described embodiments, the average noise amplitude is 
equalized across all areas of the bright region, but the present invention is not limited by this. 
As described in the claims, linear conversion may also be performed in the brightest region in 
the bright region. In this case, gradation collapse and the like in the brightest region (e.g., the 
indentation pattern on a white cup) is reduced, making it possible to increase extremely 
effectively the gradation reproducibility of the image. Fig. 9 is a diagram showing one 
example of this kind of gradation conversion characteristic. 

Furthermore, in the above-described embodiments, the case wherein gradation 
conversion is performed using LUTs was described, but the present invention is not limited 
by this. For example, it naturally does not matter even if the output gradation value Y is 
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computed from the input gradation value X in accordance with arithmetic expressions, such 
as Equation [10] or Equation [11]. In addition, in this case, an integer arithmetic expression 
may be used as the arithmetic expression, and the calculated output gradation value Y may be 
made into an integer therefore. Additionally, the present invention may also be applied to 
gradation conversion of an analog image signal of course. 

In addition, in the above-described embodiments, the LUTs is created after continuous 
gradation conversion equations are derived, but the present invention is not limited by this. 
For example, the LUTs may be created directly by setting the quantification steps in the bright 
region (corresponding to the "slope" described in the claims) in proportion to the average 
noise amplitude on the input side while setting the offset value such that the branch points of 
the dark region and the bright region substantially connect (corresponding to the "continuous" 
described in the claims). As such, the terms "slope" and "continuous" described in the claims 
are not to be given a limited interpretation only for continuity, but an expanded interpretation 
covering dispersion is also possible. 

The present invention can also be performed in various forms without deviating from 
its spirit or the primary features. Consequently, the aforementioned embodiments are simply 
illustrations in all respects and must not be interpreted as being limiting. The scope of the 
present invention is shown by the scope of claims, and is not restricted in any way by the 
specification. Furthermore, variations and changes belonging to a scope equivalent to the 
scope of claims are all within the scope of the present invention. 
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